Large laboratory animals are the usual choice for complex surgical procedures on the spine and spinal cord, such as shortening of the spine. It would, however, be advantageous to be able to use a small inexpensive mammal like the rat. We describe a procedure which allows thoracic spondylectomy (T8-T9) to be performed in the rat with a satisfactory survival rate (69%). Functional consequences of the procedure on animals with uninjured spinal cord were monitored over a period of six months, at which time histologic examination was performed. There was a good correlation between operative trauma, consisting of mechanical injury to the cord assessed from the surgical notes, and the duration of postoperative spinal shock. Animals for which the cord appeared laminated or deformed at the time of sacrifice tended to show incomplete functional recovery. Cord cavitation developed in most surviving animals (78%) but did not have a measurable adverse effect on functional outcome. In the present study, the cord was not intentionally injured; however, availability of this procedure may facilitate the future development of methods to implement recovery of function following spinal cord injury.
Preliminary studies
The most appropriate site and technique for extensive laminectomies was sought in separate groups of animals.
The location of the animals' center of gravity, i.e., the site of maximal stress on the column during movements, was determined on 10 rats in the following manner: several threads were tied to the skin of euthanized animals before deep-freezing them in a crouched or stretched posture. The thread from which the stiffened animals hung in balance indicated the location of the center of gravity; this was found to be on a plane through L1. When extensive laminectomies were performed close to the center of gravity, i.e., below Tll, they were sometimes followed by spontaneous fracture of the column, indicating excessive mechanical stress.
Conversely, when laminectomies were performed at or above T5, the animal could not lift its head to drink or feed in the postoperative period. We therefore selected the mid-thoracic area.
In additional groups of animals, the exposed cord was transected, and the width of the gap produced by retraction of the cord stumps was measured. We tested several methods suggested by other authors for bringing the processes. The exact site of surgery was determined using the landmark of the fifth thoracic vertebra, i.e., a large vein described previously /10/. On both sides, the caudal aspect of the transverse process of T6 was exposed. The 9th rib was freed from the pleura and cut at its posterior costal angle. The 8th and 10th ribs were dissected from the pleura but not cut. Pleura and mediastinal organs were dissected from the vertebral bodies. The 8th and 9th intercostal nerves were cut at their origin in order to avoid unwanted traction on the cord. The 8th and 9th vertebral vessels were avulsed. The medial stump of the right 9th rib was removed.
Four stitches were then prepared. A 3/0 and a 0 polypropylene monofilament (Ethicon) were placed around the column, just caudal to the 10th ribs. A 3/0 polypropylene monofilament was placed around the column, just rostral to the 8th ribs. A 3/0 silk "approximating" stitch was placed as shown in Fig. 2 . The laminae of T9 and the caudal half of the laminae of T8 were removed, and the right side of the vertebral bodies was clipped away. The animal was then tilted on its left side. Two transverse trenches were opened in the vertebral bodies, one caudal and the other rostral to the 9th ribs. These trenches were extended beyond the median line, thus occupying approximately 2/3 of the width of the spinal column.
The sharp-ended hook constituting one extremity of the rod was placed ventral to, and around, the right transverse process of T6. This automatically positioned it between the process and the rib lying ventrally to it (Fig. 3) . The shaft of the rod was placed in the trench between the process and the corresponding right rib of T6, T7, T9 and T10. One of the stitches prepared caudally was then tied over the straight end of the rod. A small retractor kept apart the 10th and 8th ribs, preventing premature closure of the bone gap during subsequent steps.
The rostral trench was extended on the left side until the spine was completely cut. The caudal trench was similarly extended until the fragment of spine was loose, and could be pulled out together with the stump of the 8th rib attached to it. Because of the combined action of the right rod and of the small retractor, bone displacement was not possible and the rat could be tilted or moved around without injury to the denuded cord.
The hooked extremity of the second rod was Two to four months after the procedure, the animals were placed in a high narrow dark cardboard box transparent to X-rays. An opening at the top of one side of the box formed a small window dose to the ceiling. A transverse radiograph was taken when the rats stood up to look through the window. Fig. 4 
Radiography
Transverse radiographic views of unrestrained rats are shown in Fig. 6 . The procedure caused little modification in the configuration and dynamics of the spine. There was good tolerance of the rods.
Gross anatomy of spine and cord
There were no signs of infection. In all specimens, the dura adhered to the bone at the ite of surgery. It was not possible, however, to determine by grow examination whether or not the cord itself was also adherent. No macroscopic abnormalities attributable to vascular or hydrodynamic abnormalities were observed. Bone fusion was found to be complete in all specimens. In most cases, the spinal canal had been correctly reconstituted. In six animals, the exact site of spondylectomy was difficult to determine; no external abnormalities were seen on the cord of these animals (Fig. 7a) . In one rat, there was a moderate bone protrusion at the site of fusion and a corresponding impression was visible on the surface of the cord (Fig. 7b) . In the two remaining rats, the remnant of T9 was protruding into the canal, and the cord was severely laminated ( Fig. 6 and 7 ).
Histology
Light microscopy of the cord showed excellent conservation of the neural structures in seven of the nine animals. In most of these cords, however, it was possible to find limited areas of neuronal death and fiber degeneration, probably corresponding to zones slightly traumatized during removal of the VOLUME 4, NO. 1, 1993 bone (Fig. 8) . These areas were characterized by spongiform changes and localized demyelination; reactive astrocytes, lipid-laden macrophages and chronic inflammatory cells were present; some neurons had degenerative changes. Meningeal sheaths were normal, as is usual with strictly extradural procedures/30/. Nerve roots and blood vessels were normal. Cavitation was present in five of these seven animals. In one rat, cavitation was of the hydromyelic type, i.e. the central canal was dilated at some distance from the site of surgery (Fig. 9a) . In two rats, cavitation was of the syringomyelic type, i.e. was located in the gray matter, without apparent connection to the central canal (Fig. 9b) . In two animals, both abnormalities coexisted (Fig. 9c ).
In the two rats with a laminated cord, gray matter had completely disappeared in the area of compression and no neurons could be seen.
Cavitation was extensive: normal constituents of gray matter were replaced by a large cyst, which seemed to connect to the subarachnoidal space. Ribbons of normal-looking myelinated fibers wandered from one extremity of the abnormal area to the other (Fig. 10) 
